The aim of this study was to investigate the predictive value of snoring frequency in the diagnosis and severity of obstructive sleep apnea. Methods: Patients who underwent polysomnography with one or more of the following characteristics were included: 1) sleepiness, non-restorative sleep, fatigue, or insomnia symptoms; 2) arousal due to cessation of breathing or the occurrence of gasping or choking when waking up; and 3) habitual snoring, breathing interruptions, or both, noted by a bed partner or other observer. We analyzed the differences in clinical and polysomnographic variables between patients with and without obstructive sleep apnea and investigated the associations of those variables with obstructive sleep apnea severity. Results: One hundred ninety-three patients met the inclusion criteria, and 145 of the 193 patients were diagnosed with obstructive sleep apnea. Multiple logistic regression analysis showed that large neck circumference (p = 0.0054) and high snoring index (p = 0.0119) were independent predictors for obstructive sleep apnea. Moreover, between the obstructive sleep apnea severity groups, there was a strong tendency of difference in body mass index (p = 0.0441) and neck circumference (p = 0.0846). However, there was no significant difference in snoring frequency according to obstructive sleep apnea severity (p = 0.4914). Conclusions: We confirmed that snoring frequency is a predictor of obstructive sleep apnea. In addition, we showed for the first time that snoring frequency is not associated with obstructive sleep apnea severity, thus it is not a valuable marker for predicting obstructive sleep apnea severity. (Korean J Clin Neurophysiol 2015;17:61-67) 
Introduction
Obstructive sleep apnea (OSA) is a chronic sleep disorder affecting 3 to 7% of the general population. 1 OSA is associated with numerous adverse outcomes, such as cardiovascular disease, stroke, hypertension, diabetes mellitus, depression, impaired cognitive function, and increased perioperative risk. 1, 2 Therefore, the early diagnosis and treatment of OSA is important. Overnight polysomnography (PSG) is the gold standard for the diagnosis of OSA. Additionally, PSG can be helpful for investigating OSA severity according to the apnea-hypopnea index (AHI). Because treatment options for OSA are usually classified by OSA severity, determining OSA severity is very important. 3 However, PSG is a time-consuming, labor-intensive, and highly expensive procedure. Moreover, PSG is not widely available. Therefore, many researchers have attempted to clarify predictive factors for OSA and OSA severity to prioritize PSG candidates. 4 Snoring frequently prompts people to seek medication attention, being it causes much disruption to family members and to the snorer. 5 Snoring is a sound produced by vibration of upper airway structures, including the soft palate and adjacent tissues, due to turbulent airflow through a narrow oropharynx in the upper airway. 5, 6 Many studies have confirmed that OSA is associated with anatomical and functional abnormalities of the upper airway, and patients with OSA have narrower upper airways that more frequently collapse than those without OSA. 6 Thus, snoring is one of the most common symptoms of OSA occurring in 70 to 95% of patients with OSA, and the prevalence of OSA is three or four times higher in snorers than in non-snorers. 7 Additionally, it can be the first symptom of OSA. 8 Therefore, snoring is a predictor of OSA. However, the predictive ability of snoring frequency for OSA severity has not been thoroughly investigated in studies including purely OSA subjects, and knowledge on this subject may be useful, not only for clinical practice but also for patient counseling. Additionally, the majority, but not all, of patients with OSA snore.
A limited number of studies have investigated the clinical and polysomnographic differences between OSA patients who are snorers and non-snorers.
In the present study, we investigated the predictive value of snoring frequency for the diagnosis and severity of OSA. Additionally, we analyzed the clinical and polysomnographic differences between OSA patients who were snorers and non-snorers.
Materials and Methods
This study was conducted with the approval of the institutional review board at our institute. It was a retrospective case control observational study and was performed at a single tertiary hospital. Patients who underwent overnight polysomnography at our hospital with one or more of the following characteristics were eligible for inclusion in the study: 1) sleepiness, non-restorative sleep, fatigue, or insomnia symptoms; 2) arousal due to cessation of breathing or the occurrence of gasping or choking when waking up; and 3) habitual snoring, breathing interruptions, or both, noted by a bed partner or other observer. 9 The exclusion criteria were as follows: 1) younger than 16 years of age; 2) history of severe lung disease, congestive heart failure, or neuromuscular disease; 3) on medi- Figure 1 . A positive correlation between AHI and BMI (a), and neck circumference (b) was identified, whereas there was no correlation between AHI and snoring index. AHI; apnea-hypopnea index, BMI; body mass index.
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Results
One hundred ninety-three patients met the inclusion criteria.
One hundred fifty-seven patients were men, and 36 patients were women. The mean age of the subjects was 45. One hundred forty-five of the 193 patients were diagnosed
with OSA. However, between the OSA severity groups, there was a significant difference in BMI and a strong difference in neck circumference (Table 3 ). In addition, positive correlations between AHI and BMI and neck circumference were identified (BMI, r = 0.239, p = 0.0038; neck circumference, r = 0.223, p = 0.0070), but there was no correlation between AHI and snoring index (r = 0.046, p = 0.5866) (Fig. 1) . Additionally, of the 145 patients with OSA, 108 patients were snorers and 37 patients were non-snorers. There were no differences in the clinical or polysomnographic variables or the ESS score between these two groups ( Table 4) .
Discussion
The main finding of this study was that snoring frequency is a predictor of OSA but not of OSA severity. Additionally, in contrast to snoring frequency, BMI and neck circumference were significant predictors of OSA severity and were also wellcorrelated with AHI. Moreover, there were no differences in the clinical or polysomnographic variables or the ESS score between OSA patients who were snorers and non-snorers.
Previous studies demonstrated significant differences in snoring characteristics of patients with and without OSA. Caucasians. These differences might render Asians more prone to OSA. 17, 18 Additionally, when matched for BMI, Asians are known to have a greater severity of OSA compared with Caucasians. 17, 18 In addition, Asians are generally less obese than
Caucasians, and the pathogenesis of OSA could vary with the degree of obesity. In obese patients, upper airway soft tissue enlargement may be the predominant risk factor for OSA, while in non-obese patients, cephalometric abnormalities of bony structures may be the predominant risk factor for OSA. 19 Therefore, the results of OSA studies in Asian patients may be different from those in Caucasians. In the present study, the subjects were all Asians.
The reason that snoring frequency did not indicate OSA severity despite being a predictor of OSA is not clear. Although parameters, such as respiratory airflow, upper airway crosssectional diameter, and upper airway collapsibility and resistance, contribute to the generation of snoring sounds, the most important factor in snoring is airflow. 20 Mild reduction in airflow is usually associated with snoring, and a more marked reduction in airflow is associated with partially obstructed airways, which results in hypopneas and heavy snoring. 21, 22 However, complete obstruction, the state of apnea, may not cause snoring due to a lack of turbulent airflow, due to a complete absence of airflow, in the airway. Thus, we can infer that snoring frequency is correlated with hypopnea but not with apnea.
This is supported by our correlation analysis, which we quantified correlations between apnea/hypopnea index and snoring index using Spearman's rank correlation test in our patients with OSA. The apnea/hypopnea index was calculated as the number of apnea/hypopnea events per hour of sleep, respectively. It revealed that there was a significant positive correlation between hypopnea index and snoring index (r = 0.231, p = 0.0052), whereas there was no correlation between apnea index and snoring index (r = -0.112, p = 0.1798). Therefore, snoring frequency does not carry information on OSA severity, which is determined by the frequency of hypopnea and apnea. This was supported by the lack of a difference in OSA severity between OSA patients who were snorers and non-snorers in this study.
Furthermore, our study found that BMI and neck circumference were significant predictors of OSA severity, and they were also well-correlated with AHI. This result was consistent with previous reports. 23, 24 The roles of high BMI, which indicates the severity of obesity, and large neck circumference in the development of OSA has been relatively well established.
A large neck circumference reflects excessive fat deposition around the neck induced by obesity, and it can cause narrowing of the upper airway and alteration of the dynamic compliance of the soft tissue structure around the airway resulting to OSA. 25 Thus, BMI and neck circumference were more reliable factors than snoring frequency in predicting AHI, which indicates OSA severity.
There are several limitations to this study. First, this was a retrospective study conducted at a single hospital. with OSA had a high frequency, while simple snoring had a low frequency, and the peak intensity of snoring was correlated with AHI. 16, 26 However, the characteristics of snoring sounds during hypopnea are highly variable due to a great variation in airflow and probable changes in the site of obstruction from one breath cycle to the next. 22 Thus, we thought that the investigation of the number of snoring episodes per hour, snoring frequency, by automatic snoring detection throughout the entire night could provide more objective information than analyzing the characteristics of the snoring sound. Further prospective studies with large sample sizes may be needed to confirm our results.
In conclusion, we confirmed that snoring frequency is a predictor of OSA. In addition, we showed for the first time that snoring frequency is not correlated with OSA severity, thus it is not a valuable marker for predicting obstructive sleep apnea severity.
